The aim of this study was to assess the impact of extreme (class III) obesity (body mass index [BMI] Ն40 kg/m 2 ) on care and outcomes in patients with ST-segment elevation myocardial infarction (STEMI).
The prevalence of obesity, defined according to National Heart, Lung, and Blood Institute criteria (1) as a body mass index (BMI) Ն30 kg/m 2 , has more than doubled over the past 3 decades (2) and currently affects 1 in 3 U.S. adults (3) . Obesity is strongly associated with cardiovascular risk factors such as diabetes, hypertension, and dyslipidemia. In addition, obese patients have an increased burden of coronary artery disease and a higher incidence of acute coronary syndromes (4 -6) . Despite the adverse association between obesity and incident cardiovascular disease, a paradoxical survival benefit after myocardial infarction (MI) has been attributed to obesity (7) (8) (9) (10) (11) (12) (13) . Prior studies, however, have included relatively few subjects with extreme obesity (class III, BMI Ն40 kg/m 2 ). The relationships between obesity and non-ST-segment elevation myocardial infarction (NSTEMI) presentation, processes of care, and outcomes have been described previously (14) . However, little is known about the relationship between obesity, particularly extreme obesity, and care and outcomes in ST-segment elevation MI (STEMI).
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Patient demographics, presentation, and treatments differ notably between STEMI and NSTEMI populations. It is possible that extreme obesity may affect logistical issues such as STEMI diagnosis, cardiac catheterization laboratory table weight limits, problems with vascular access, and appropriate dosing of anticoagulant therapies. In addition, higher complication rates from interventional and medical therapies in obese patients, whether actual or perceived, may substantively affect risk/benefit calculations and alter management. To better clarify the impact of extreme obesity on STEMI care and outcomes, we analyzed the association between BMI categories and baseline characteristics, treatment, and in-hospital outcomes for 50,149 patients with STEMI from the National Cardiovascular Data Registry (NCDR) Acute Coronary Treatment and Intervention Outcomes Network (ACTION) Registry-Get With The Guidelines (GWTG) (15) (16) (17) .
Methods
Data collection. The ACTION Registry-GWTG, created by a merger of the American College of Cardiology Foundation's NCDR ACTION Registry and the American Heart Association's GWTG program, collects and reports data for patients with STEMI and NSTEMI from 360 participating centers nationwide. Data abstraction was performed retrospectively by trained data collectors via review of medical records. Demographic and clinical information, clinical presentation, medical therapies and associated contraindications, use and timing of cardiac procedures, laboratory results, and in-hospital outcomes were recorded using standardized definitions; details of data collection have been reported previously (15) (16) (17) (18) 2 ), and class III obese (BMI Ն40 kg/m 2 ). The primary outcome of the present study was all-cause mortality. Secondary outcomes included rate and type of reperfusion, time to percutaneous coronary intervention (PCI), and rates of reinfarction, congestive heart failure (HF), cardiogenic shock, stroke, major bleeding, and red blood cell transfusion unrelated to coronary artery bypass graft surgery, which have been defined previously (15) (16) (17) . Statistical analysis. Demographics, clinical presentation, medical therapies, use and timing of cardiac procedures, laboratory results, and in-hospital outcomes were compared across BMI categories. To evaluate the relationship between in-hospital outcomes and BMI categories, the logistic generalized estimating equations method with exchangeable working correlation matrix was used to account for withinhospital correlation of responses. Variables used for inhospital mortality adjustment were from the validated ACTION Registry-GWTG in-hospital mortality model (19) , initial serum creatinine, and initial hemoglobin. NSTEMI was dropped from both models because patients with NSTEMI were excluded from this analysis. Subjects in the class I obesity category were used as the referent group for the analyses of clinical outcomes; this group was selected a priori as the referent because of the previously well-described "U-shaped" relationship between BMI and outcomes in patients with a broad spectrum of existing cardiovascular disease (20) as well as the results of prior work examining NSTEMI and BMI in the ACTION Registry (14) . Adjusted associations were displayed as odds ratios and 95% confidence intervals. All statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, North Carolina). Values of p Ͻ0.05 were considered statistically significant.
Results
The proportions of patients with STEMI by BMI category were as follows: underweight 1.6%, normal weight 23.5%, overweight 38.7%, class I obese 22.4%, class II obese 8.7%, and class III obese 5.1%. Class III obese patients with STEMI were more than a decade younger than their normal-weight counterparts (Table 1) . Class III obese patients with STEMI were more likely to be women and of self-reported African American race/ethnicity compared with all other weight categories. Overall, 29.5% of patients were women, compared with 42.6% of the extremely obese patients. Overall, 7.4% of the cohort was of African American race/ethnicity, compared with 11.4% of the class III obese patients. Taken together, these trends resulted in an increase in the prevalence of African American race/ ethnicity from 6.2% of normal-weight women to 15.3% of class III obese women. Smoking decreased, while other traditional cardiac risk factors increased across increasing categories of obesity. Class III obese patients were almost 3-fold more likely to have diabetes mellitus than their normal-weight counterparts. Hemoglobin and low-density lipoprotein cholesterol were higher while high-density lipoprotein was lower for class III obesity compared with normal weight (Table 2 ). The extent of coronary disease, in terms of number of vessels affected, and the likelihood of having moderate to severe left ventricular (LV) systolic dysfunction also decreased progressively across increasing BMI categories (Table 2) . Reperfusion was attempted in more than 90% of patients across all BMI categories (Table 2 ). No differences were present in the proportion of patients receiving fibrinolytic therapy or PCI according to BMI, even among those with extreme obesity, with Ͼ80% of patients in all BMI groups receiving primary PCI. In-hospital use of evidence-based medical therapies was high overall and similar across BMI groups. Similarly, prescription of evidence-based therapies at hospital discharge, including aspirin, clopidogrel, betablockers, and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, was high and did not differ across BMI groups, including class III obesity (Table 2) . Statin therapy was slightly less common at discharge among class III obese patients. Rates of counseling regarding smoking cessation, dietary modification and exercise, and referral to cardiac rehabilitation were similarly high across BMI categories, including class III obesity.
In unadjusted analyses, a U-shaped association with BMI categories was seen for both mortality (Fig. 1 ) and major bleeding (Fig. 2) . Rates of adverse outcomes in general were highest among normal-weight patients, lower in overweight and mild to moderately obese patients, and then increased again in patients with class III obesity (Table 3) . After multivariate adjustment, compared with class I obese patients, the adjusted odds of death were not significantly different for normal-weight, overweight, and class II obese patients. Odds of death were 64% higher for class III obese patients compared with class I obese patients (Fig. 1) . In contrast, the adjusted odds of major bleeding were highest in normal-weight patients and did not differ significantly for class III compared with class I obese patients (Fig. 2) .
Discussion
In this contemporary analysis of the relationship between BMI and clinical characteristics, treatment patterns, and in-hospital outcomes for 50,149 patients with STEMI, we observed that: 1) three-fourths of patients with STEMI were overweight or obese; 2) class III obesity (BMI Ͼ40 kg/m 2 ) now affects 1 in 20 patients with STEMI and is particularly common in African American women presenting with STEMI (more than 1 in 7); 3) the most obese patients with STEMI presented more than a decade younger than their normal-weight counterparts, with less extensive coronary artery disease and better LV systolic function despite a higher risk factor burden; 4) processes and quality-of-care measures did not differ in a clinically meaningful way for obese patients, including class III obese patients; and 5) despite similar processes and quality of care and a lower risk profile, class III obesity was associated with overall, with the prevalence in women (7.2%) higher than in men (4.2%) and the highest prevalence seen among nonHispanic black women (14.2%) (21) . The higher obesity prevalence among patients with STEMI compared with the general population likely reflects the contribution of obesity to the pathogenesis of STEMI, which is mediated at least in part by increases in hypertension, diabetes, and dyslipidemia in obese individuals. Importantly, in the class III obese subgroup, the overrepresentation of African American and female patients and the younger age of these patients at presentation suggest the possibility that class III obesity may be contributing to premature MI in African American Values are median (interquartile range) or n (%). ACE ϭ angiotensin-converting enzyme; BMI ϭ body mass index; CABG ϭ coronary artery bypass graft surgery; CHF ϭ congestive heart failure; MI ϭ myocardial infarction; PCI ϭ percutaneous coronary intervention. women. This is especially relevant in light of our finding that class III obesity was associated with early mortality after MI and suggests the possibility that increasing rates of class III obesity in African American women may contribute to worsening race-based and sex-based disparities in outcomes after STEMI (22) . Despite a higher prevalence of traditional cardiac risk factors, obese patients tended to have less extensive coronary disease and LV systolic dysfunction, likely because they presented with STEMI at much younger ages than their normal-weight counterparts; class III obese patients were on average more than a decade younger than normal-weight patients. Brain natriuretic peptide and N-terminal probrain natriuretic peptide decreased markedly across increasing BMI categories, disproportionately to underlying differences in LV function or clinical HF, most likely reflecting the known inverse relationship between higher body mass and lower natriuretic peptide concentrations (23) .
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Process of care. Contrary to our a priori hypothesis, we observed few meaningful differences in processes of care for obese patients, including those with class III obesity. For the subset undergoing primary PCI, no differences were noted regarding the administration of reperfusion therapy, with the exception of a slightly longer door-to-balloon time, a difference we believe is too small to be clinically meaningful. Moreover, the administration of concomitant antiplatelet and antithrombotic agents and the initiation of secondary prevention therapies such as statins and betablockers were similar across BMI categories. Prescription of guideline-indicated medications at discharge, dietary counseling, referral to cardiac rehabilitation, and counseling regarding exercise were also similar across weight categories, with obese patients receiving appropriate referrals as often as their normal-weight counterparts. These data are encouraging and suggest the absence of an obesity-related systemContinued Discharge interventions §
Figure 1 In-Hospital Mortality by BMI
Unadjusted and adjusted odds of in-hospital mortality across body mass index (BMI) categories, using class I obesity as the referent. After multivariate adjustment, extreme (class III) obesity was associated with increased in-hospital mortality (odds ratio: 1.64; 95% confidence interval: 1.32 to 2.03).
Figure 2 Major Bleeding by BMI
Unadjusted and adjusted 8 odds of major bleeding across body mass index (BMI) categories, using class I obesity as the referent. After multivariate adjustment, normal weight was associated with increased major bleeding (odds ratio: 1.18; 95% confidence interval: 1.08 to 1.30), while extreme (class III) obesity was not (odds ratio: 1.09; 95% confidence interval: 0.94 to 1.26).
atic bias in the delivery of STEMI care, even to class III obese patients. Obesity and in-hospital mortality. The adjusted odds of death were lowest for class I obese patients and were not significantly different for normal-weight, overweight, or class II obese patients but were significantly higher for class III compared with class I obese patients. The observed increase in mortality in the class III obese patients, which persisted after multivariate adjustment, is of particular concern given the very rapid rise in class III obesity, far exceeding the overall increase in obesity prevalence in the U.S. population. From 1960 to 2004, national estimates of obesity prevalence as a whole increased from 13.3% (10.7% in men, 15.8% in women) to 32.9% (31.7% in men, 34.0% in women), a relative increase of almost 150%. Over the same time interval, however, the population prevalence of class III obesity increased from 0.9% (0.3% in men, 1.4% in women) to 5.1% (3.0% in men, 7.3% in women), a relative increase of 460% (2) . The mechanism for this increase in mortality risk in class III obese patients presenting with STEMI is not known, as these patients are younger, have less extensive coronary disease, less LV systolic dysfunction, and higher estimated glomerular filtration rates, and receive similar care compared with less obese patients. Thus, class III obesity must either carry intrinsic hazard or must be accompanied by hidden comorbidities not captured by the registry. Obese patients have an increased total body blood volume, higher filling pressures, and increased sympathetic activation, which lead to increased stroke volume and heart rate; cardiac work is increased, and this may be accentuated at very elevated levels of adiposity seen in class III obese patients. Cardiac structural changes in class III obesity include markedly increased LV mass (20) , known to be a risk factor for increased ventricular arrhythmias and sudden cardiac death. In addition, class III obesity has been described as an inflammatory and prothrombotic state (24) , which may also contribute to adverse prognosis. Although published research does not reach a consensus on the effect of obesity on in-hospital course of critically ill patients (25-29) obese patients are more susceptible to comorbid respiratory complications such as aspiration pneumonia (30), pulmonary thromboembolism (31), or sleep apnea and obesity hypoventilation syndrome (31, 32) . In addition, there are practical difficulties in caring for class III obese patients who are critically ill that may affect the in-hospital outcomes reported here, such as prolonged immobility, difficulty obtaining venous access, or inability to perform indicated diagnostic or therapeutic procedures because of equipment weight restrictions (33) .
It is of considerable interest that the higher unadjusted rates of adverse outcomes in the normal-BMI subgroup, compared with the overweight or mildly obese subgroups, disappeared after multivariate adjustment. This finding strongly suggests that the unadjusted association of lower mortality with overweight or mild obesity is explained by the effect of confounders in the normal-BMI group, such as older age, more extensive cardiac disease, or known or undiagnosed serious medical conditions. This raises the provocative hypothesis that the "obesity paradox" described in many cardiovascular disease states (11-14,20,34 -36) may be explained in whole or in part by residual confounding. Such an explanation has been widely believed to explain excess risk among underweight individuals with cardiovascular disease but has not been applied to normal-weight individuals. In other words, being normal weight in a contemporary population with cardiovascular disease is now so uncommon that it may reflect the presence of unmeasured serious comorbid conditions. As such, "protective" effects that have been attributed to overweight and moderate obesity in patients with cardiovascular disease may not actually exist and may simply reflect unmeasured confounding in normal-weight individuals. Moreover, because normal BMI may reflect unmeasured comorbidities, overweight or mild obesity likely represents the more appropriate referent body mass in the post-MI setting. Obesity and in-hospital major bleeding. In contrast to the associations observed for in-hospital mortality, the risk for major bleeding was not significantly higher in the class III obese patients compared with the class I obese patients after adjusting for patient baseline characteristics. This
In-Hospital Clinical Events Stratified by BMI Category finding suggests that factors contributing to increased mortality with obesity do not also contribute to higher bleeding rates and that bleeding-related complications are unlikely to explain the excess mortality in the class III obese. The lack of an unfavorable bleeding signal in the class III obese likely reflects the younger age and lower overall bleeding risk profile of the more obese patients, as well as the generally high quality of care applied to all patients, including the very obese. Excess dosing of anticoagulant and antiplatelet drugs likely occurs less often in more obese patients, which would potentially mitigate bleeding risks. In contrast, it is plausible that relative underdosing of anticoagulant and antiplatelet medications could contribute to the excess mortality described here, a hypothesis that merits further exploration with pharmacokinetic and pharmacodynamic studies targeted specifically at individuals with class III obesity. Study limitations. The present study used registry data and thus could not account for confounders that are not captured in the database. Centers participating in the registry may differ systematically from facilities that do not, especially with regard to processes of care and attention to quality-of-care metrics. Patients in the registry are mostly white and more likely to be men, which may limit generalizability to other populations, especially African American and Hispanic women, who have substantially higher rates of obesity and are less well represented in the present study. Information on radial versus femoral access is not available, so we could not assess the possible role of radial access in lowering bleeding risks in class III obese patients. Data reported here can only establish the association between BMI and in-hospital outcomes; no long-term follow-up data are available.
Conclusions
In this large, multicenter cohort of 50,149 patients with STEMI, extreme obesity (BMI Ն40 kg/m 2 ) was independently associated with in-hospital death compared with class I obesity after multivariate adjustment for potential confounding. This is true despite the fact that extremely obese patients present more than a decade younger, with less extensive coronary artery disease and better LV systolic function and with better renal function. In addition, processes and quality-of-care measures were generally excellent for class III obese patients, showing no evidence of systematic bias adversely affecting morbidly obese patients. This somewhat surprising finding likely reflects how ubiquitous obesity, even class III obesity, is in modern practice. The enigma of patients who are at lower a priori risk and receive similar care but nevertheless have worse outcomes mandates further attention and elucidation as the population prevalence of class III obesity continues to grow at a pace that far exceeds the overall rise in obesity.
